The use of medicinal plants in the treatment of ailments is increasing around the globe. This study assessed the antihyperlipidemic and antiatherogenic benefits of black tea (BT) and Z.zanthoxylum (Zz) in rats. Thirty two albino rats were randomly divided into eight groups each containing four animals. Group 1 normal control; animals in groups 2, 3 and 4 were fed standard diet supplemented with BT or ZZ or a combination of both at equal amounts (3% each), respectively. Animals in group 5 are control rats, fed diet supplemented with cholesterol and groundnut oil at a dose level of 100 g and 300g/25 kg diet respectively. Rats in groups 6, 7 and 8 were fed the same high lipid diet but supplemented with BT, Z.z or mixture of both respectively. Lipid enriched diet caused a significant increase in total cholesterol, total lipids, and triacylglycerols in both serum and liver. Serum phospholipids, LDL-C, and atherogenic index significantly increased compared with normal control group. BT and Zz significantly increased fecal total lipids, total cholesterol and triacylglycerol levels as well as significantly increased serum malondialdehyde, interleukin-2 and tumour necrosis factor-alpha compared to healthy control. Consumption of black tea, Zanthoxylum zanthoxyloid or a combination mixture of them by healthy and hyperlipidemic hypercholesterolemic rats resulted in significantly decreased lipid parameters in serum and liver and significant reduced lipid peroxidation and inflammation. These results suggest that both black tea and Zanthoxylum zanthoxyloid had anti-atherogenic and hypolipidemic effects and reduced oxidative stress via inhibition of inflammation and lipid peroxidation.
INTRODUCTION
Atherosclerosis leading to coronary artery disease has assumed a virulent disease ratio and is the principal cause of death the world over in the developed as well as in the developing countries. Epidemiological studies have demonstrated a positive significant relationship between plasma cholesterol concentrations and coronary artery disease [1] . Clinical manifestations include plaque formation in the artery walls. In many cases, plaques protrude into the lumen of the artery and if sufficiently large, compromise the flow of blood [2] .
In epidemiological studies of hypercholesterolemia, high levels of plasma cholesterol and LDL-C are significantly associated with the development of premature atherosclerosis [3] . Cholesterol accumulation in the arterial wall is the main sign of atherosclerosis. It has been suggested that LDL is the major source of cholesterol deposited in the vessel wall. Accumulation of cholesterol and other lipids is the most prominent manifestation of atherosclerosis at the arterial cell level. In addition to lipid accumulation, increased proliferative activity of vascular cells and enhanced synthesis of the extracellular matrix are characteristics of cellular atherogenesis.
Synthetic anti-hyperlipidaemic drugs like statins and synthetic antioxidants like probucol are widely used to treat atherosclerosis. Unfortunately, these drugs have side effects [4] . Hence, for treatment or management of atherosclerosis, much attention has been focused on the use of natural products that have very few side effects [5] . For instance, [6] reported antiatherogenic properties of alpinia zerumbet (a perennial ginger growing widely in the subtropics) seeds. Also, [7] reported antihyperlipidemic effects of flavonoids from prunus davidiana. Black tea and Zanthoxylum zanthoxyloid are some plants and herbs with antioxidative properties confirmed to have phenolic and flavonoid bioactive constituents. They have been employed in the management and treatment of series of ailments. For instance, Zanthoxylum zanthoxyloid is been used traditionally for the treatment of infections such as skin infection, gonorrhoea, dysentery, (8); elephantiasis, toothache, sexual impotence ( 9, 10), while black tea is being used orally as a slimming remedy. The two have been shown to contain phenols and flavonoid which are good antioxidant agents. Because of their antioxidative potentials, this study is objectively designed to determine and compare the antilipidemic and antiatherogenic properties of black tea, ethanolic extract of zanthoxylum zanthoxyloid and combination of the two.
METHODS

Materials and Methodology
Chemicals and Quantitative assay kits
All chemicals used including solvents are of analytical grade. Thiobarbituric acid (TBA), hydrochloric acid (HCL), trichloroacetic acid (TCA), Tris KCL buffer, chloroform, methanol were purchased from Sigma Chemical Co. (St. Louis, MO, USA). The ELISA kits for the determination of rat interleukin-2 (IL-2) and tumor necrosis factor-alpha (TNF-α) were products of RayBiotech, Inc. USA, while those for total cholesterol, triacylglyceride and high density lipoprotein cholesterol (HDL-C) were products of LABKIT, CHEMELEX, S.A. Pol. CanovellesBarcelona, Spain.
Plants Extract and Extraction procedure
Stem of Z. zanthoxyloide was obtained from Ogbomoso, Nigeria in 2011 and was identified by Dr. Ogunkunle of the Botany Unit, Department of Pure and Applied Biology and were confirmed with a plant name index. The stem was grinded into a powdery form and the powder of Z. zanthoxyloide (1 kg) was macerated at room temperature with ethanol (70%) and extracted for 72 hours. On the third day, the combined ethanolic extract was filtered and the solvent was fully evaporated under reduced pressure to give a yellow solid. The black tea used was in powdery form and is a product of RUCHIM LTD, Nigeria..
Animals and Diet.
All experiments were performed on albino rats weighing 105-115 g obtained from commercial breeder. Animals were housed in metal cages and kept in a room maintained at an average temperature of 25•C ± 3•C and with 12 h darkness and 12 h light. They were fed with standard pellet diet (Adom Animal Feeds, Nigeria) for a week before start of experiment. The rats were allowed to have free access to food and tap water ad libitum. From then on (t = 0) until the end of the experiment, rats were fed the feed (Table 1) which we prepared in our laboratory. The animals were kept in cages with raised floors of wide wire mesh to prevent the animals from consuming their feaces. The protocol conforms to the guidelines of the National Institute of Health (NIH) (NIH publication 85-23, 1985) for laboratory animal care and use.
Experimental Design.
Preceeding the study, all rats consumed the same diet for one week. Thirty two albino rats were randomly divided into eight groups each containing four animals of both sexes (1:1). Group 1 (normal control) consisted of animals given standard diet alone while animals in groups 2, 3 and 4 were fed on standard diet supplemented with black tea(BT), zanthoxylum zanthoxyloid (ZZ) and a combination of black tea and zanthoxylum zanthoxyloid (BT+Zz) at equal amounts (3% each), respectively. Animals in group 5 were control hypercholesterolemic-hyperlipidemic rats, fed the high fat diet (standard diet supplemented with cholesterol and groundnut oil at a dose level of 100 g and 300g/25 kg diet respectively). Groups 6,7 and 8 consisted of animals that were fed high fat diet supplemented with black tea (G6), Zanthoxylum zanthoxyloide (G7) and combination of the black tea and Zanthoxylum zanthoxyloid at the same level (3% each)(G8).
The rats were weighed every week. At the end of experimental period (60 days), and after overnight fasting (12 hours), the rats were scarified by cervical dislocation and blood samples were collected directly from the heart. The sera were prepared in the laboratory stored in freezer until analyzed. Three major organs ( heart, liver and kidney) were harvested, washed with icecold isotonic saline and weighed.
Serum Lipid Profile. The concentrations of the parameters were measured using spectrophotometric methods. The serum concentrations of total cholesterol (TC), triglyceride (TG), and high density lipoprotein cholesterol (HDL-C) were determined by methods described by [11] , [12] , and [13] respectively. Low density lipoprotein cholesterol (LDL-C) was calculated using Frieldwald formula (14). Very low density lipoprotein cholesterol (VLDL-C) was equally calculated. Lipid peroxidation was estimated in serum by measuring the malondialdehyde (MDA) production during the thiobarbituric acid reaction [15] .
Assay Procedure for the cytokines
All reagents and samples were brought to room temperature (18-25 0 C) before use. According to the recommendation of the manufacturer, all standards and samples were run at least in duplicate. Hundred microlitres (100  L) of each standard and sample were added into appropriate wells. These wells were covered and incubated for 2.5hours at room temperature with gentle shaking. The solution was discarded and the well washed 4 times with 1x wash solution. The wells were washed by filling each well with wash buffer (300  L) using a multichannel pipette or auto washer. The liquid was completely removed at each step as this is essential for good performance. After the last wash, remaining wash buffer was removed by aspirating. The plates were inverted and blotted against clean paper towels. One hundred microlitres (100  L) of 1x prepared biotinylated antibody was added to each well. This was incubated for 1 hour at room temperature with gentle shaking. The solution was discarded and washed 4 times with 1x wash solution.
One hundred microlitres (100  L) of prepared streptavidin solution was then added to each well. This was incubated for 45 minutes at room temperature with gentle shaking. The solution was discarded and washed 4 times with 1x wash solution. One hundred microlitres (100  L) of TMB one-step substrate reagent was added to each well and incubated for 30minutes at room temperature in the dark with gentle shaking. Finally, fifty microlitres (50  L) of stop solution was added to each well read at 450nm immediately.
Atherogenic Index. The atherogenic index serum (AIS) which is the measure of the extent of atherosclerotic lesions based on serum lipids is determined in all eight groups. The atherogenic index is calculated using the formula AIS = TC/HDL [16] . 
Statistical Analysis:
Results were expressed as means ± S.D. and analyzed for statistical significance by two-way ANOVA followed by Tukey's post-hoc test for multiple comparisons. Values were considered statistically significant at p < 0.05.
Results:
Table 2: Effect of black tea, zanthoxylum zanthoxyloid and combination of black tea and Z.zanthoxyloid on Body Weight and Relative Organs Weight: As shown in Table 2 , induced hypercholesterolemia and hyperlipidemia(HFD diet) caused a significant increase in body weight gain and a significant increase in the organs weight as compared with healthy control group (G1). Supplementation with BT, Z.z and combination of BT and Z.z to either normal or hyperlipidemic, hypercholesterolemic rats caused a significant decrease in body weight gain and in the organs weight as compared with their corresponding control rats. Level of significance was picked at p<0.05; G1, G2, G3,G4,G5,G6, G7 and G8 indicated groups 1,2,3,4,5,6,7 and 8 respectively.
Effect of black tea, Zanthoxylum zanthoxyloid and combination of black tea and Zanthoxylum zanthoxyloid on Serum, Liver and Fecal Lipid Contents:
In tables 3,4,5 and 6 feeding rats with 0.2 % cholesterol and 0.6% fat-enriched diet for 60days resulted in a significant elevation of serum and liver total cholesterol (130.09%, 81.11%), total lipids (56.08%, 99.57%) and triacylglycerols (55.34%, 40.73%). Serum phospholipids, LDL/HDL ratio and atherogenic index were also significantly increased in HFD control group .Fecal lipids were also significantly increased and influenced by the amount of fat in the diet. Supplementation with black tea, Zanthoxylum zanthoxyloid and combination of black tea and Z.zanthoxyloid to either standard diet or high fat diet caused a significant decrease in the levels of serum and liver total lipids, total cholesterol and triacylglycerols, however, fecal fat excretion was significantly increased by these supplementation. Effect of black tea, Zanthoxylum zanthoxylum and combination of black tea and Zanthoxylum zanthoxylum on malondialdehyde, interleukin-2 and tumour necrosis factoralpha:
In table 7, supplementing both standard diet and high lipid diet with black tea, Z.zanthoxyloid and combination of the 2 reduced oxidative stress as evident by reduction in formation of malondialdehyde which is one of the biochemical markers of lipid peroxidation. Also, these supplementations caused reduction in inflammation as indicated by reduced inflammatory responses as shown by reduced serum concentrations of interleukin-2 and TNF-alpha. BW= body weight; LW= liver weight; HW= heart weight; KW= kidney weight; TC= total cholesterol; TL= total lipids; TG= triglyceride; PLP= phospholipids, AI= atherogenic index; VLDL= very low density lipoprotein; HDL= high density lipoprotein; LDL= low density lipoprotein,; MDA= malondialdehyde; IL-2= interleukin-2; TNF-α= tumour necrosis factor-alpha; S= significant; NS= not significant; Significance at p<0.05.
Discussion
Dietary fat intake is the most important factor that modulates serum levels of cholesterol, and this modulation figured prominently in the early scientific study of cholesterol metabolism. Portman and Stare (17) wrote a review on evaluated dietary factors in the regulation of serum cholesterol and described how every species studied exhibited a rise in serum cholesterol levels after a high-fat dietary challenge. Thus, fat intake has always been considered key in the control of blood lipid levels and associated cardiovascular diseases. Diets with increased lipid content, loosely termed high-fat diets, have been used successfully to increase serum cholesterol levels experimentally and have become valuable tools in the study of hypercholesterolemia. In this study, consumption of lipid-rich diet caused increased body and relative weights of visceral organs. Here, the body and organs weight gain in hypercholesterolemic rats were decreased significantly upon treatment with black tea, Z.zanthoxyloid or mixture of black tea and Z.zanthoxyloid. These results suggest that among the herbs used, black tea has the most pronounced effect on the nutritional status of animals. These results are in agreement with (18) who reported that body weight gain and liver weight of rats fed with high fat diet significantly increased as compared with rats fed normal basal diet. (19) also reported that body weight gain differed significantly between hypercholesterolemic rats and normal control rats. This increase was probably due to the high lipid diet.
The body and liver weights of the rats fed black tea were significantly lower than those fed the control diet. The reduced rate of growth of the rats given diet supplemented with black tea was undoubtedly due to a reduced food intake. Black tea contains caffeine, which is one of the alkaloids that act as stimulants in the body. Caffeine suppressed appetite and equally stimulate thermogenesis, a physical reaction that increases the amount of calories the body burns. Caffeine may also cause temporary weight loss due to its diuretic effect. The caffeine in black tea might have caused the loss of weights observed in the body and organ weights of the rats given black tea. This supports its use as weight-loss agent for obese humans. Furthermore, the loss of body and relative organs weight in LRD-group given Z.zanthoxyloid may be due to its contents of phenolics and flavonoids. In our previous study, we reported presence of phenolic ( chlorogenic and caffeic acids) and flavonoids ( rutin, quercetin and kaempferol) in Z.zanthoxyloid ( 20) . The tannins and flavones are involved in free radical scavenging mechanism and may prevent atherogensis. Natural products extracts of therapeutic relevance are of paramount importance as reservoirs of structural and chemical diversity (21). Epidemiological studies have reported a reduced risk of coronary heart disease in subjects with high flavonoid intake (22, 23).
Accordingly, in this study consumption of lipid rich diet led to increased serum, hepatic and fecal concentrations of total cholesterol, total lipids and triglycerol. Hyperlipidemic effects of consumption of hypercholesterolemic diet in rats have been reported by (24). Evidence suggested that increased intake of saturated fat increases all serum lipid levels. Diet induced hypercholesterolemia has health significance in the face of the increasing consumption of high fat fast food and the associated increase in the incidence of coronary heart disease, obesity in the general population, particularly in western countries. Supplementation of lipid rich diet with black tea, Z. zanthoxyloide or combination of the two reduced the hyperlipidemic effect of the lipid rich diet (LRD) by causing a reduction in the serum and hepatic concentrations of total cholesterol, total lipids and triglyceride. These properties of the two herbs/natural products are significant particularly in reducing risk of predisposition to obesity and other associated lipid disorders. Use of medicinal plants and other natural products in the management of metabolic diseases is on the increase as they provide alternative, cheap and very potent means of alleviating ailments due to dietary factors. Supplementation of high fat diet with black tea, Z. Zanthoxyloid or their combination caused increased concentration of serum HDL-C. There is an inverse relationship between serum concentration of HDL-C and incidence of coronary heart disease (CHD). High density lipoprotein play a prominent role in the reverse cholesterol transportation thus reducing excessively high levels of cholesterol in the extrahepatic tissues, thus reducing the risk of CHD.
Rats fed lipid-rich diet showed high serum concentration of low density lipoprotein cholesterol. An increased serum LDL-C and TG-C concentrations has direct proportionality to occurrence of cardiovascular disorders. Supplementation of fat-rich diet with black tea, Z. Zanthoxyloid or combination of both caused reduction in the serum concentrations of LDL-C and TG. Previous studies have demonstrated that lowering plasma total cholesterol, LDL-C, and increasing HDL-C are beneficial in preventing risk of cardiovascular diseases (CVD) (25, 26) . The data in this study indicated that both black tea and Z. Zanthoxyloid, either individually or in combination had potent hypolipidemic, hypocholesterolemic and hypotriglyceridemic properties. This implies that either of them or their combination may be useful in the control of serum lipid profiles.
Increased serum and hepatic cholesterol could be due to the high fat diet and this indicated that the dietary lipid obviously disturbed hepatic lipid metabolism. A rise in the liver and plasma cholesterol concentrations of rats fed HFD had been reported (27) . It has been suggested that the rise could be due to subsequent deposition and decreased cholesterol catabolism as indicated by reduction in bile production and turnover of bile acids (28). Supplementation with black tea and Z. Zanthoxyloid caused reduction in the hepatic concentrations of total cholesterol, total lipids and triglyceride. That was an indication that the two herbs used in this study improved the lipid metabolism.
The accumulation of hepatic triglyceride in this study could be due to the enhancement of hepatic triglyceride synthesis and reduction of fatty acid beta-oxidation. Hepatic TG level is controlled mainly by TG synthesis, beta-oxidation and secretion in form of lipoprotein (29). Increased lipogenesis, decreased oxidation of fatty acids and decreased secretion of VLDL has been suggested as causes for the accumulation of TG in the liver in the cholesterol-fed rats (30).
The atherogenic index (TC/HDL-C and LDL-C/HDL-C) was significantly reduced in groups fed diets supplemented with black tea, Z. Zanthroxyloid or their combination. The data from this study agreed with (31) who reported that a reduction in TC: HDL-C and LDL-C: HDL-C ratio is an important requirement of an antilipidemic and antiatherogenic agent.
In this study, supplementation of high lipid diet with BT and Z.z caused increased fecal excretion of cholesterol (8.91%, 4.24%), total lipids (9.34%, 4.30%) and triglyceride (7.34%, 3.48%) when compared with HFD control. The increased fecal excretion could be that both BT and Z.z caused reduction in the intestinal absorptibility/digestibility of these lipids. Though the percentage increase in fecal excretion may appear small, but it corresponds to weight loss and this may be responsible for reduced body and visceral organ weight observed in the rats given diet supplemented with BT and Z.z. The increased fecal excretion of lipids may be one of the hypolipidemic properties of BT and Z.z. Observation in this study showed higher fecal excretion of lipids in rats given high lipid diet supplemented with BT and Z.z when compared with rats given standard diet alone. This may be an implication that supplementation with either of BT and Z.z may be effective in the prevention and treatment of hypercholesterolemia and hyperlipidemia.
High fat diet induced increased lipid peroxidation causing elevated serum concentration of malondialdehyde. This agreed with the findings of (32) who reported induction of lipid peroxidation by high saturated and unsaturated fat diets in rats. Long-term feeding of a high fat diet acts as an inducer of oxidative stress, since it significantly attenuates the hepatic enzyme antioxidant system (33), and increases the levels of lipid peroxidation products in the liver (34) and plasma (35). There is good evidence that oxidative damage contributes to the pathology of atherosclerosis and vascular dysfunction generally, and that free radicals are involved in myocardial ischemia-reperfusion injury (36).
However, supplementation of diet with black tea, Z.zanthoxyloid or combination of both resulted in reduction of malondialdehyde, a biochemical marker of lipid peroxidation. The implication of this is that black tea and Z.zanthoxyloid possessed anti-oxidative factors thus inhibiting lipid peroxidation. This agrees with our previous study where we reported presence of phenolic ( chlorogenic and caffeic acids) and flavonoids (rutin, quercetin and kaempferol) in Z.zanthoxyloid (20) . Indeed, foods and beverages derived from plants are chemically complex, and cardiovascular protective effects could also arise from many other components or mixtures of components present, including fibre, immunostimulatory agents, monounsaturated fatty acids, agents that modulate cholesterol synthesis, B-vitamins, folic acid, agents modu-lating nitric oxide production, and even the humble ethanol molecule itself (37).
The profile of the interleukin-2 and tumour necrosis factor alpha obtained in rats fed high lipid diet (table 7) is an indication of occurrence of inflammation which is linked with hyperlipidemic condition observed in this study. We previously reported enhancement of inflammation due to atherogenic diet i.e. high fat and cholesterol diet (38). Evidence abound that lipid and lipoprotein abnormalities as well as cytokines play significant roles in the pathogenesis and progression of atherosclerosis and cardiovascular diseases (39, 40) . The elevations of these proinflammatory cytokines could be due in part, to an increase in oxidation of low density lipoprotein caused by high fat diet-induced hyperlipidemia. Addition of black tea and/or Z.zanthoxyloid significantly reduced inflammation as evident in reduction in serum concentrations of the cytokines (IL-2 and TNF-α). The mechanism of its anti-inflammatory property could be adduced to be similar to its anti-oxidative potential.
While the mechanism of the antiatherogenic property of both black tea and Z.zanthoxyloid may not be largely understood, the possible mode of action could be due to the interactions between the biomolecules present in them and the pro-oxidant molecules present either in the high fat diet or those produced from normal body physiological processes. Studies have shown that populations that incorporate herbs and medicinal plants into their diet have low incidence of chronic diseases (41). Studies have suggested that oxidative stress-related chronic diseases including Type-2 diabetes mellitus, cardiovascular disease and obesity are all linked to excessive intake of calories, causing an imbalance of pro-oxidants and anti-oxidants in cellular systems, which impairs normal biological functions (42). One benefit herbs and medicinal plants is that they contain bioactive ingredients called 'phytochemicals'that can reduce oxidative stress and moderate harmful biological pathways, therefore ameliorating these chronic diseases.
